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Effects of KDT501 on Metabolic Parameters in
Insulin-Resistant Prediabetic Humans

1

Department of Medicine, Division of Endocrinology, and the Barnstable Brown Diabetes and Obesity
Center, Lexington, Kentucky 40536; 2Center for Clinical and Translational Sciences, University of
Kentucky, Lexington, Kentucky 40536; and 3KinDex Pharmaceuticals, Seattle, Washington 98104

Context: KDT501 is an isohumulone drug that has demonstrated beneficial effects on metabolic parameters in mice.
Objective: This study was intended to examine potential improvements in metabolism in humans.
Design and Setting: Changes in carbohydrate and lipid metabolism, along with inflammatory
markers, were evaluated in prediabetic humans in a clinical research center.
Participants: Nine obese patients participated. All had prediabetes or normal glucose tolerance plus
three features of metabolic syndrome.
Intervention: All participants were treated with escalating doses of KDT501 to a maximum dose of
1000 mg every 12 hours for a total of 28 days.
Outcome Measures: Changes in carbohydrate metabolism were measured with oral glucose tolerance,
homeostatic model of insulin resistance, and euglycemic clamp; changes in plasma lipids and response
to a lipid tolerance test; and changes in plasma inflammatory markers.
Results: The drug was well tolerated. After KDT501 treatment, plasma triglycerides were reduced at
4 hours during a lipid tolerance test. Furthermore, plasma adiponectin and high-molecular-weight
adiponectin increased significantly, and plasma tumor necrosis factor-a decreased significantly. There
were no significant changes in oral glucose tolerance test results or insulin sensitivity measures.
Conclusions: Despite the small sample size and the short duration of therapy, KDT501 administration
reduced measures of systemic inflammation and improved postmeal plasma triglyceride levels, which
may be beneficial in participants with insulin resistance or metabolic syndrome.
Copyright © 2017 Endocrine Society
This article has been published under the terms of the Creative Commons Attribution NonCommercial, No-Derivatives License (CC BY-NC-ND; https://creativecommons.org/licenses/by-ncnd/4.0/).
Freeform/Key Words: KDT501, insulin resistance, obesity, adiponectin

Obesity is associated with insulin resistance and chronic inflammation [1, 2], often culminating in the development of type 2 diabetes mellitus (T2DM). With expansion of fat mass and
increasing adipocyte volume, considerable tissue remodeling is required, and the adipose
tissue from obese, insulin-resistant rodents and humans is characterized by an increase in
adipose inflammation [3–6]. One prevailing hypothesis suggests that adipocyte enlargement
results in failed microvasculature expansion, with subsequent hypoxia, adipocyte necrosis,
Abbreviations: AUC0-12, area under the curve at 0 to 12 hours; BMI, body mass index; FDA, US Food and Drug Administration; IFG,
impaired fasting glucose; IGT, impaired glucose tolerance; LPS, lipopolysaccharide; OGTT, oral glucose tolerance test; T2DM, type 2
diabetes mellitus; TNF-a, tumor necrosis factor-a.
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1. Methods
A. Phase 1 Studies
A randomized, double-blinded, placebo-controlled, two-part phase 1 study was performed in
healthy persons to investigate the safety, tolerability, and pharmacokinetics of KDT501.
Exposure was limited to 20,800 ng $ h/mL, consistent with exposure observed in the most
sensitive toxicology species, rodents. Part 1 consisted of a sequential single oral dose-rising
study in a total of 27 participants in four cohorts. Cohort 1 consisted of four participants (three
active and one placebo); cohorts 2 and 3 comprised seven and eight participants (six active and
one or two placebo), respectively; and cohorts 4a and 4b were composed of eight participants
(six active and two placebo). They were administered KDT501 or placebo as oral enteric coated
capsules at dose levels of 200, 400, and 800 mg for cohorts 1 through 3, respectively, and
600 mg with or without food for cohorts 4a and 4b. All participants were aged18 to 54 years
inclusive, with a body mass index (BMI) of 21.7 to 31.7 kg/m2, inclusive. Sixteen participants
were male and 11 were female.
There were no deaths; no serious adverse events, other important adverse events, or
substantial laboratory abnormalities were observed. No participants discontinued participation during this study. The most common treatment-related adverse event reported after
administration of KDT501 at doses of 400, 600, and 800 mg was nausea (two events in two
participants). Overall, single oral doses of KDT501 were well tolerated when administered in
the fasted or fed states to healthy male and female participants.
After a single-dose administration of 200, 400, 600, and 800 mg KDT501 under fasted
conditions, KDT501 was readily absorbed and steadily cleared. The mean half-life appeared
to be dose dependent, with a trend of increasing half-life with increasing dose. Food slightly
delayed absorption of KDT501.
Part 2 of the phase 1 trial consisted of a randomized, double-blind, placebo-controlled
multiple ascending-dose study in a total of 27 participants in three cohorts. All cohorts
consisted of nine participants (seven active and two placebo) dosed at 300, 600, or 800 mg
KDT501 twice daily for 7 days. They were administered KDT501 or placebo as oral enteric
coated capsules. The participants were aged 18 to 55 years inclusive, with a BMI between 21.8
and 30.6 kg/m2, inclusive. Nineteen participants were male and eight were female.
Multiple oral doses of KDT501 were considered to be safe and well tolerated by healthy
male and female participants for 7 days in the fed state. There were no deaths or serious
adverse events reported during the study. There were no treatment- or dose-related trends
and no clinically important findings for individual participants during the study. All
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infiltration of inflammatory cells, and macrophages forming crown-like structures surrounding the necrotic adipocyte, followed by a cycle of inflammatory changes, altered adipokine
secretion, and changes in the extracellular matrix [7–9].
This study was designed to examine the possible efficacy and mechanism of action of
KDT501 in insulin-resistant participants. KDT501 is the potassium salt of the n-(isobutyl)
congener of a tetrahydro iso-a acid, also known as an isohumulone. In previous animal
studies, a mixture of compounds derived from hops demonstrated anti-inflammatory activity
and reductions in blood glucose [10, 11], along with a reduction in weight and plasma lipopolysaccharide (LPS) and an increase in thermogenesis [12, 13]. KDT501 was subsequently
isolated from a hops mix and was determined to reduce inflammation, blood glucose, and
triglycerides in rodents [14].
Together, these properties of KDT501 suggested complex but potentially favorable effects
on multiple features of the insulin resistance/metabolic syndrome. This study therefore
presents phase 1 data with KDT501 and then examines the effects of 4 weeks of treatment
with escalating doses of KDT501 in insulin-resistant humans, with measurements of inflammatory and metabolic features, along with glucose and lipid metabolism. A secondary
aim was the assessment of the safety and pharmacologic profile of KDT501.
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B. Human Participants and Study Design
All participants gave informed consent, and the Institutional Review Board at the University
of Kentucky approved the protocol and amendments. This study enrolled a total of nine
participants (two men and seven women) with insulin resistance who had not been previously
treated with any medications for diabetes. All participants had a BMI .27 kg/m2 (mean BMI,
37.3 6 1.2 kg/m2), were 40 to 70 years old (mean age, 53.4 6 2.8 years), and had impaired
glucose tolerance (IGT), impaired fasting glucose (IFG) (based on a standard 75-g oral
glucose tolerance test), or three features of metabolic syndrome [15]. Of these nine participants, eight qualified on the basis of IGT and/or IFG and one had normal glucose tolerance but qualified according to criteria for metabolic syndrome. Other key eligibility
criteria included (1) no history of diabetes; (2) hemoglobin A1c ,7.0% and fasting glucose ,126 mg/dL within 28 days of trial initiation; and (3) no significant cardiovascular,
pulmonary, or gastrointestinal disorders. Two patients would qualify as diabetic according
to some, but not all, criteria. One patient had a hemoglobin A1c value of 6.8%, but the oral
glucose tolerance test (OGTT) result was consistent with IFG/IGT. One patient had a 2-hour
glucose of 220 mg/dL but a hemoglobin A1c value of only 6.2%. Some of these participants
were taking medications for hypertension; the mean blood pressure was 135/87 mm Hg. Two
participants were taking a statin.
Potential study participants were recruited through advertising and reported in a fasting
state to the initial visit, which included the OGTT. After participants were deemed eligible,
additional baseline testing included dual-energy x-ray absorptiometry for body composition,
resting metabolic rate, a lipid tolerance test for measurement of plasma LPS and triglyceride,
fasting blood for plasma cytokines, and a euglycemic clamp for measurement of insulin
sensitivity. All studies were performed in the Clinical Research Unit of the University of
Kentucky.
On the basis of a prior agreement with FDA, each patient could receive KDT501 for a
maximum of 28 days, with limits on drug exposure as measured by AUC0-12. Each participant
received KDT501 at a starting dose of 600 mg twice daily. On day 7, pharmacokinetics were
performed. Participants reported fasting and took their 600-mg dose of KDT501 with a meal;
blood was obtained at time 0, 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 8 hours, 10
hours, and 12 hours for measurement of plasma KDT501 (Medpace Bioanalytical Laboratories, Cincinnati, OH). On the basis of the AUC0-12 (not to exceed 22,500 ng $ h/mL), the dose
was escalated to 800 mg twice daily. On day 17, a repeat pharmacokinetics study was
performed on the 800-mg twice-daily dose, and the dose was again escalated, to 1000 mg twice
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treatment-emergent adverse events reported were mild except for one moderate report of
upper abdominal pain. The most common treatment-emergent adverse event reported was
headache (one event in seven participants).
KDT501 was readily absorbed and steadily eliminated after multiple dosing under fed
conditions. Mean half-life values appeared to increase with dose and were dose dependent
on day 7. Increases in maximum concentration and area under the curve at 0 to 12 hours
(AUC0-12) were dose proportional on day 7. Steady-state concentrations of KDT501
appeared to have been achieved by day 6 of the study. The mean (standard deviation)
AUC0-12 that was achieved at the end of the 7-day treatment period at 600 mg twice daily was
7555 6 3000 ng $ h/mL.
On the basis of the previously-described phase 1 studies, involving a total of 54 normal
healthy volunteers who were treated with KDT501 at doses up to 800 mg twice daily for a
maximum of 7 days, a phase 2 study was designed to determine a mechanism of action for
KDT501 within the limits of exposure prescribed by the US Food and Drug Administration
(FDA). For this phase 2 study, the target population was nondiabetic participants with insulin
resistance or participants with metabolic syndrome, who were to be treated with open-label
escalating doses of KDT501, to a maximum of 1000 mg twice daily, for a maximum of 28 days
of treatment.
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C. Lipid Tolerance Test
In addition to measuring fasting lipids, a lipid tolerance test was performed at baseline and
after 28 days of treatment with KDT501. Participants reported after a 12-hour fast, having
refrained from alcohol, and consumed a high-fat breakfast shake, consisting of Boost (Nestlé,
Arlington, VA) with added cream and corn oil in a fixed proportion to provide a mix of fatty
acids typical of a U.S. diet (palmitate 16:0, 28%; stearate 18:0, 12%; oleate 18:1, 21%; linoleate
18:2, 26%), as described previously [16]. Daily energy requirement was calculated by using the
Harris–Benedict equation; the high-fat shake encompassed 40% of their daily energy requirements and was 50% fat. The meal was consumed within 15 minutes, and blood was
drawn hourly for 4 hours. From the baseline and hourly samples after the fat meal, triglycerides were measured by using the Triglyceride Liquid Assay (T7532; Pointe Scientific,
Canton, MI). For the LPS assays, we collected blood in citrate, diluted the citrated plasma 1:5
in endotoxin-free water (Lonza, Basel, Switzerland), heat inactivated the sample at 70°C for
10 minutes, and stored the samples at 280°C. We then treated the samples with an Endotoxin
Sample Preparation kit (BioDtech, Inc., Birmingham, AL) and performed LPS assays with the
ToxinSensor kit (L00350; Genscript, Piscataway, NJ). The final dilution factor was 1:110.
Because triglycerides and other components of blood can interfere with the assay [17], we
performed a control reaction with no limulus amoebocyte lysate enzyme. These controls were
all below the detection limit of the assay, indicating that the large dilution minimized interference with the assay.
D. Euglycemic Clamp
Peripheral insulin sensitivity was measured with a euglycemic clamp to assess peripheral
glucose disposal rate as an index of insulin sensitivity. Participants reported fasting to the
Clinical Research Unit, and peripheral intravenous infusions were started (including a
retrograde intravenous line in a warming box and an antecubital line for infusions). After a
30-minute period of baseline stabilization, an insulin infusion started at 1 mU/kg per minute,
along with a 20% glucose solution at a variable rate to maintain euglycemia for 2 hours. Blood
glucose was measured every 5 to 10 minutes and blood insulin, every 10 minutes during the
final 30 minutes of the procedure. Glucose disposal (glucose infusion rate) was determined
during steady-state glucose during the final 30 minutes of the procedure.
E. Plasma Cytokines and Insulin
Plasma cytokines were measured by using Luminex assays (ThermoFisher Scientific, Waltham, MA) employing the Milliplex cytokine high-sensitivity assay (EMD Millipore, Billerica,
MA), the human metabolic hormone assay, and adipokine A assay kits. Total and highmolecular-weight adiponectin were measured by using a Multimeric Adiponectin enzymelinked immunosorbent assay kit (Alpco, Salem, NH). Insulin was measured in plasma samples
with an immunochemiluminescence assay (Alpco).
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daily, as long as the AUC was within acceptable limits. Of the nine participants studied, five
had dose escalation to the maximal dose of 1000 mg twice daily, three finished the 28-day
study at a maximal dose of 800 mg twice daily, and one remained at a dose of 600 mg twice
daily for the entire 28-day period. No participants required a dose reduction, and no participants discontinued treatment before the 28-day maximum. Among all nine participants,
the mean (standard error of the mean) AUC0-12 that was achieved at the end of the 28-day
treatment period was 14,047 (2941) ng $ h/mL.
The primary endpoint for the study was the change in 2-hour OGTT result, defined as the
median change in plasma glucose 2 hours after the consumption of the 75-g oral glucose
challenge at day 28 vs baseline. Secondary endpoints included changes from baseline in lipid
tolerance, hemoglobin A1c, fasting plasma glucose, plasma insulin, insulin sensitivity measures, and selected inflammatory markers.
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F. Other Procedures

G. Safety Measures
Other studies were performed to evaluate the safety profile of KDT501. These included
frequent vital signs, adverse event evaluations, urinalysis, fecal occult blood testing, spirometry, electrocardiography, and routine blood tests (including hemography, coagulation
testing, and comprehensive metabolic panel).
H. Statistics and Calculations
All data are expressed as mean 6 standard error of the mean, and a paired t test was used to
compare pre- vs post-KDT501 treatment. The homeostatic model of insulin resistance,
Matsuda index, and insulinogenic index were calculated as described previously by using the
values of glucose and insulin from the OGTT [18]. Disposition index was calculated as the
product of insulin secretion and insulin sensitivity [insulinogenic index and Matsuda index
(Graphpad Prism 5, La Jolla, CA), respectively].

2. Results
This study included nine participants who met all inclusion and exclusion criteria. All
completed this study. The overall goal was to determine whether there were any trends
toward improvement in carbohydrate or lipid metabolism and whether there were any
changes in inflammatory markers after 28 days of treatment with KDT501 using the doseescalation protocol described in Methods. During this 28-day treatment period, weight,
percentage body fat, and blood pressure did not change significantly. The pre- and posttreatment weights were 100.8 6 5.5 kg and 100.3 6 5.7 kg, respectively.
A. Carbohydrate Metabolism
Glucose tolerance was assessed with a standard OGTT. As shown in Table 1, the mean fasting
glucose level was not changed by KDT501 treatment. The 2-hour glucose levels were reduced
from 171 6 12 mg/dL to 162 6 18 mg/dL. Although the values for 2-hour glucose after

Table 1. Changes in Carbohydrate Metabolism After Drug Treatment
Variable
Fasting glucose (mg/dL)
2-hour glucose (mg/dL)
Hemoglobin A1c (%)
Fructosamine (mM/L)
HOMA-IR
Matsuda index
Insulinogenic index
Glucose infusion rate (mg/min per kg)

Baseline

After KDT501 Treatment

103 6 4
171 6 12
5.87 6 0.15
222 6 8.8
7.01 6 1.4
1.51 6 0.42
2.29 6 0.72
2.46 6 0.53

103 6 6
162 6 18
5.82 6 0.16
217 6 7.2
6.25 6 1.5
1.68 6 0.26
2.74 6 1.12
2.44 6 0.52

Values are expressed as mean 6 standard error of the mean.
Abbreviations: HOMA-IR, homeostatic model of insulin resistance.
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Body composition was determined by using dual-energy x-ray absorptiometry. For measurement of resting metabolic rate, the patient reported early in the morning, fasting. A hood
was placed over the face in a quiet room, and CO2 exhaled and O2 consumed were measured by
breathing into a disposable tube on the metabolic cart. This process was continued until the
CO2 reached its nadir, for 15 minutes. This rate of CO2 production is considered the resting
metabolic rate.
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B. Lipid Metabolism
As noted in Table 2, fasting plasma triglycerides did not change after KDT501 treatment;
however, there was a statistically significant decrease in total cholesterol. This decrease in
total cholesterol was primarily due to a nonsignificant trend for a decrease in low-density
lipoprotein cholesterol from 110 6 10 mg/dL to 102 6 11 mg/dL (P = 0.10).
To further assess the dynamics of lipid metabolism, a lipid tolerance test was performed,
with measurement of plasma triglycerides and LPS during fasting and then again after a
standardized fatty meal. The fasting and 4-hour postmeal plasma triglyceride levels are
shown in Table 2. KDT501 treatment did not decrease fasting triglyceride levels but significantly decreased 4-hour triglyceride (from 185 6 13 mg/dL to 155 6 13 mg/dL; P , 0.05)
after the lipid meal. Baseline LPS levels and LPS levels 4 hours after the lipid meal did not
change (Table 2).
C. Plasma Cytokines and Adipokines
Table 3 includes the levels of several inflammatory markers and adipokines. Statistically
significant changes after treatment with KDT501 included an increase in both total and highmolecular-weight adiponectin, along with a significant decrease in plasma tumor necrosis
factor-a (TNF-a). Other inflammatory markers (serum amyloid A, interleukin-6, C-reactive
protein, and monocyte chemoattractant protein-1), along with fibrinogen and zonulin, did not
change significantly.
D. Safety and Adverse Events
Treatment with KDT501 was generally well tolerated. Eight of the nine study participants
experienced an adverse effect judged to be possibly related to the study drug, all of which were
graded as mild or moderate. In no case was it necessary to stop the drug or alter the dose, and

Table 2. Changes in Lipid Metabolism After Drug Treatment
Variable
Cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
Postmeal TG (mg/dL)
LPS (EU/mL)
Postmeal LPS (EU/mL)

Baseline

After KDT501 Treatment

186 6 12.3
132 6 17.9
49 6 5.8
110 6 9.6
185 6 12.7
0.44 6 0.09
2.1 6 0.3

176 6 12.1a
124 6 14.8
48 6 6.8
102 6 11.1
155 6 12.7a
0.56 6 0.17
1.8 6 0.3

Values are expressed as mean 6 standard error of the mean.
Abbreviations: EU, endotoxin units; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol.
a
P , 0.05 vs baseline.
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treatment were not statistically different from baseline, the reduced 2-hour glucose is consistent with the potential for KDT501 to improve glucose tolerance if given for a more
prolonged period, and/or if evaluated in more participants. Hemoglobin A1c and glycosylated
albumin (fructosamine) did not change significantly (Table 1).
Insulin sensitivity was determined by using measures of glucose and insulin during the
oral glucose tolerance test (homeostatic model of insulin resistance, Matsuda index), and
additionally through the use of the euglycemic glucose clamp study, as described in Methods.
As shown in Table 1, there were no significant changes in any measure of insulin sensitivity
using these measures. In addition, assessment of insulin secretion using the insulinogenic
index showed no significant change, and disposition index did not significantly change.
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Table 3. Effects of KDT501 on Plasma Cytokines and Adipokines
Variable

After KDT501 Treatment

2.99 6 0.25
1.34 6 0.17
6.87 6 1.30
29.3 6 2.40
47.2 6 9.37
3.29 6 0.31
1.24 6 0.18
316 6 37.7
2.37 6 0.13
212 6 9.5

3.30 6 0.20a
1.53 6 0.52a
7.94 6 1.78
29.7 6 1.76
40.0 6 6.03
3.09 6 0.27a
1.39 6 0.35
298 6 33.3
2.49 6 0.11
204 6 5.8

Values are expressed as mean 6 standard error of the mean.
Abbreviations: CRP, C-reactive protein; HMW, high-molecular-weight; IL-6, interleukin-6; LBP, lipopolysaccharide
binding protein; MCP-1, monocyte chemoattractant protein-1; SAA, serum amyloid A.
a
P , 0.05 vs baseline.

these side effects resolved spontaneously. These adverse events were mostly gastrointestinal
effects, including abdominal discomfort, diarrhea, or symptoms of esophageal reflux. Most of
these participants reported a history of similar symptoms in the past. The most common
adverse events were diarrhea (four participants); positivity for fecal occult blood (three participants); and headache, rash, and vomiting (two participants each). There was no evidence of
greater toxicity with higher serum levels of KDT501. In all three participants with positivity for
fecal occult blood, the finding had other explanations (e.g., known hemorrhoids); all three had
subsequent negative test results, and KDT501 dosing was not changed or interrupted.
No significant treatment or dose-related findings were noted in the clinical laboratory
evaluations, physical examinations, or pulmonary function assessments (data not shown).
Laboratory review showed no evidence of hepatic, renal, or bone marrow toxicity.

3. Discussion
KDT501 is the potassium salt of a substituted 1,3-cyclopentadione, chemically derived from hop
extracts and a member of the isohumulone class of compounds (chemical structure in Fig. 1).
This human study was undertaken because of the promising findings with hops-derived
compounds, and with KDT501, on features of the metabolic syndrome and insulin resistance in previous rodent and in vitro studies.
Some previous studies used a mixture of compounds that derived from hops. These
compounds had a history of use as bittering additives in beer and were on the FDA’s “generally
recognized as safe.” A formulation known as META060 was shown to inhibit nuclear factor-kB

Figure 1. The structure of KDT501.
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Adiponectin (mg/mL)
HMW adiponectin (mg/mL)
CRP (mg/mL)
LBP (ng/ml)
SAA (ng/mL)
TNF-a (pg/mL)
IL-6 (pg/mL)
MCP-1 (pg/mL)
Zonulin (ng/mL)
Fibrinogen (ng/mL)

Baseline
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activation in cultured macrophages; it was bioavailable when given to humans [11], and
reduced weight gain and improved blood glucose and metabolic flexibility when given to highfat-fed mice [12, 13]. More recently, KDT501 was developed and was found to decrease the
expected gain of body weight of ZDF rats, and also reduced hemoglobin A1c, blood glucose, and
plasma triglycerides [14]. After the observation that KDT501 was well tolerated after a single
dose of 200 to 800 mg in a phase 1 trial (KinDex Pharmaceuticals, unpublished data), this
study was undertaken to determine whether any metabolic benefit would be observed.
Because the rodent studies noted improvements in carbohydrate and lipid tolerance, along
with potential anti-inflammatory actions, this study focused on the results of an OGTT, lipid
levels, and inflammatory markers. Rodent studies also noted improvements in body weight.
However, this human study was not allowed to progress beyond 28 days, and therefore a
change in weight was not a primary objective. Changes in glycemic control (such as hemoglobin A1c) would also not be expected to occur in a short time frame. Therefore, measurements were made that were believed to suggest mechanistic effects of KDT501 and that
may precede an eventual improvement in blood glucose. These mechanistic studies included a
high-dose euglycemic clamp, along with the measurement of postmeal triglyceride and of
inflammatory markers.
As described previously, no significant changes in the OGTT data were noted, nor were
there changes in hemoglobin A1c. In addition, measures of insulin resistance (including the
Matsuda index and the homeostatic model of insulin resistance) did not improve, nor did
peripheral insulin sensitivity using a high-dose euglycemic clamp. Although KDT501 did not
improve markers of insulin sensitivity, this study involved only 28 days of treatment, starting
at a low dose. The 2-hour glucose value after the OGTT was lower, although not significantly.
This could indicate that the full effect of KDT501 may take longer, and the optimal dose has
not yet been determined. In addition, this study did not specifically evaluate hepatic insulin
sensitivity, which could potentially be a target of KDT501.
Numerous studies have documented the important role of chronic inflammation in the
pathophysiology of metabolic syndrome and T2DM [2]. Among the most important markers of
the dysmetabolism of metabolic syndrome is adiponectin, which is secreted from adipose
tissue and is lower in obesity, inversely correlating with chronic inflammation and cardiovascular disease [19]. Adiponectin undergoes substantial posttranscriptional processing,
forming aggregates, and the high-molecular-weight form of adiponectin has been most closely
associated with the insulin-sensitizing and anti-inflammatory properties [20, 21]. Another
feature of metabolic syndrome and T2DM is activation of type 1 inflammatory markers, such
as TNF-a [22, 23] and the infiltration of adipose tissue by macrophages and other cells of the
immune system [24–26].
As described previously, KDT501 treatment of insulin-resistant participants resulted in a
significant increase in both total and high-molecular-weight adiponectin and a significant
decrease in TNFa. The precise mechanism for this effect of KDT501 is not known. Because
adiponectin is essentially exclusively expressed by adipocytes, these studies would suggest
that KDT501 results in improved adipose function, which may also result in other antiinflammatory effects leading to a decrease TNF-a. It would be of interest to know whether
longer treatment with KDT501 would have a sustained anti-inflammatory effect, which
would then result in improved insulin sensitivity.
Another improvement in metabolism noted from these studies was an improvement in lipid
metabolism. Fasting plasma lipids were not significantly altered by KDT501. Low-density
lipoprotein cholesterol was decreased from 110 6 9.6 mg/dL to 102 6 11.1 mg/dL, but this was
not statistically significant. However, postmeal triglyceride did significantly decrease. The
decreased postmeal triglyceride could be due to increased triglyceride-rich lipoprotein
clearance by lipoprotein lipase, again implicating an effect in adipose tissue, which is a
primary source of lipase activity.
In summary, KDT501 is a class of drug that is well tolerated and that appears, from these
limited data in nine insulin-resistant participants, to have anti-inflammatory properties
and improved postabsorptive lipid metabolism. Further studies are warranted to better
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determine the mechanism of action of this drug and to determine whether longer-term
treatment with appropriate doses will improve established clinical features of the dysmetabolism that leads to T2DM in humans.
Acknowledgments

Address all correspondence to: Philip A. Kern, MD, Division of Endocrinology, CTW 521, University of
Kentucky, 900 S. Limestone Street, Lexington, Kentucky 40536. E-mail: philipkern@uky.edu.
This work was supported by KinDex Pharmaceuticals and by Clinical and Translational Science
Award Grant UL1TR001998 and P20GM103527.
Clinical trial registry: ClinicalTrials.gov no. NCT02444910 (7 May 2015).
Disclosure Summary: N.G., R.S., and J.S.B. are officers or employees of KinDex pharmaceuticals.
P.A.K., B.S.F., and B.Z. received a research grant from KinDex Pharmaceuticals to carry out these
studies but have received no personal remuneration.

References and Notes
1. de Luca C, Olefsky JM. Inflammation and insulin resistance. FEBS Lett. 2008;582(1):97–105.
2. Rasouli N, Kern PA. Adipocytokines and the metabolic complications of obesity. J Clin Endocrinol
Metab. 2008;93(11, Suppl 1)S64–S73.
3. Varma V, Yao-Borengasser A, Bodles AM, Rasouli N, Phanavanh B, Nolen GT, Kern EM, Nagarajan R,
Spencer HJ III, Lee MJ, Fried SK, McGehee RE, Jr, Peterson CA, Kern PA. Thrombospondin-1 is an
adipokine associated with obesity, adipose inflammation, and insulin resistance. Diabetes. 2008;57(2):
432–439.
4. Spencer M, Yao-Borengasser A, Unal R, Rasouli N, Gurley CM, Zhu B, Peterson CA, Kern PA. Adipose
tissue macrophages in insulin-resistant subjects are associated with collagen VI and fibrosis and
demonstrate alternative activation. Am J Physiol Endocrinol Metab. 2010;299(6):E1016–E1027.
5. Pasarica M, Gowronska-Kozak B, Burk D, Remedios I, Hymel D, Gimble J, Ravussin E, Bray GA, Smith
SR. Adipose tissue collagen VI in obesity. J Clin Endocrinol Metab. 2009;94(12):5155–5162.
6. Divoux A, Tordjman J, Lacasa D, Veyrie N, Hugol D, Aissat A, Basdevant A, Guerre-Millo M, Poitou C,
Zucker JD, Bedossa P, Clément K. Fibrosis in human adipose tissue: composition, distribution, and link
with lipid metabolism and fat mass loss. Diabetes. 2010;59(11):2817–2825.
7. Trayhurn P, Wood IS. Adipokines: inflammation and the pleiotropic role of white adipose tissue. Br J
Nutr. 2004;92(3):347–355.
8. Pasarica M, Sereda OR, Redman LM, Albarado DC, Hymel DT, Roan LE, Rood JC, Burk DH, Smith SR.
Reduced adipose tissue oxygenation in human obesity: evidence for rarefaction, macrophage chemotaxis, and inflammation without an angiogenic response. Diabetes. 2009;58(3):718–725.
9. Rutkowski JM, Davis KE, Scherer PE. Mechanisms of obesity and related pathologies: the macro- and
microcirculation of adipose tissue. FEBS J. 2009;276(20):5738–5746.
10. Desai A, Darland G, Bland JS, Tripp ML, Konda VR. META060 attenuates TNF-a-activated inflammation, endothelial-monocyte interactions, and matrix metalloproteinase-9 expression, and inhibits NF-kB and AP-1 in THP-1 monocytes. Atherosclerosis. 2012;223(1):130–136.
11. Desai A, Konda VR, Darland G, Austin M, Prabhu KS, Bland JS, Carroll BJ, Tripp ML. META060
inhibits multiple kinases in the NF-kappaB pathway and suppresses LPS–mediated inflammation
in vitro and ex vivo. Inflamm Res. 2009;58(5):229–234.
12. Everard A, Geurts L, Van Roye M, Delzenne NM, Cani PD. Tetrahydro iso-alpha acids from hops
improve glucose homeostasis and reduce body weight gain and metabolic endotoxemia in high-fat dietfed mice. PLoS One. 2012;7(3):e33858.
13. Vroegrijk IO, van Diepen JA, van den Berg SA, Romijn JA, Havekes LM, van Dijk KW, Darland G,
Konda V, Tripp ML, Bland JS, Voshol PJ. META060 protects against diet-induced obesity and insulin
resistance in a high-fat-diet fed mouse. Nutrition. 2013;29(1):276–283.
14. Konda VR, Desai A, Darland G, Grayson N, Bland JS. KDT501, a derivative from hops, normalizes
glucose metabolism and body weight in rodent models of diabetes. PLoS One. 2014;9(1):e87848.
15. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, Gordon DJ, Krauss RM,
Savage PJ, Smith SC, Jr, Spertus JA, Costa F; American Heart Association; National Heart, Lung, and

Downloaded from https://academic.oup.com/jes/article-abstract/1/6/650/3746605 by University of Kentucky Libraries user on 19 July 2019

We wish to thank the staff of the University of Kentucky Clinical Research Unit for the assistance
with this study.

doi: 10.1210/js.2017-00202 | Journal of the Endocrine Society | 659

Downloaded from https://academic.oup.com/jes/article-abstract/1/6/650/3746605 by University of Kentucky Libraries user on 19 July 2019

Blood Institute. Diagnosis and management of the metabolic syndrome: an American Heart
Association/National Heart, Lung, and Blood Institute Scientific Statement. Circulation. 2005;112(17):
2735–2752.
16. Barrows BR, Timlin MT, Parks EJ. Spillover of dietary fatty acids and use of serum nonesterified fatty
acids for the synthesis of VLDL-triacylglycerol under two different feeding regimens. Diabetes. 2005;
54(9):2668–2673.
17. Rood J, Smith SR. Triglyceride concentrations and endotoxemia. Am J Clin Nutr. 2008;88(1):248–249,
author reply 249–250.
18. Cersosimo E, Solis-Herrera C, Trautmann ME, Malloy J, Triplitt CL. Assessment of pancreatic b-cell
function: review of methods and clinical applications. Curr Diabetes Rev. 2014;10(1):2–42.
19. Berg AH, Scherer PE. Adipose tissue, inflammation, and cardiovascular disease. Circ Res. 2005;96(9):
939–949.
20. Pajvani UB, Hawkins M, Combs TP, Rajala MW, Doebber T, Berger JP, Wagner JA, Wu M, Knopps A,
Xiang AH, Utzschneider KM, Kahn SE, Olefsky JM, Buchanan TA, Scherer PE. Complex distribution,
not absolute amount of adiponectin, correlates with thiazolidinedione-mediated improvement in insulin sensitivity. J Biol Chem. 2004;279(13):12152–12162.
21. Simpson F, Whitehead JP. Adiponectin–it’s all about the modifications. Int J Biochem Cell Biol. 2010;
42(6):785–788.
22. Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression of tumor necrosis factor-a: direct
role in obesity-linked insulin resistance. Science. 1993;259(5091):87–91.
23. Kern PA, Saghizadeh M, Ong JM, Bosch RJ, Deem R, Simsolo RB. The expression of tumor necrosis
factor in human adipose tissue. Regulation by obesity, weight loss, and relationship to lipoprotein
lipase. J Clin Invest. 1995;95(5):2111–2119.
24. Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante AW, Jr. Obesity is associated
with macrophage accumulation in adipose tissue. J Clin Invest. 2003;112(12):1796–1808.
25. Xu H, Barnes GT, Yang Q, Tan G, Yang D, Chou CJ, Sole J, Nichols A, Ross JS, Tartaglia LA, Chen H.
Chronic inflammation in fat plays a crucial role in the development of obesity-related insulin resistance.
J Clin Invest. 2003;112(12):1821–1830.
26. Di Gregorio GB, Yao-Borengasser A, Rasouli N, Varma V, Lu T, Miles LM, Ranganathan G, Peterson
CA, McGehee RE, Kern PA. Expression of CD68 and macrophage chemoattractant protein-1 genes in
human adipose and muscle tissues: association with cytokine expression, insulin resistance, and reduction by pioglitazone. Diabetes. 2005;54(8):2305–2313.

